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Abstract 
Water is perhaps our most valuable resource and thus should be recycled. Many of the current waste water treatment only 
concentrate on the pollutant without degrading it or eliminating it. In this sense, Advanced Oxidation Processes (AOP) are 
possibly one of the most effective methods for the treatment of wastewater containing organic products. It uses different methods 
to produce hydroxyl radicals which are responsible for oxidation of pollutants. This work deals with the study on Fenton process 
and UV/ H2O2 process for the removal of dicofol present in waste water. Dicofol is an organochlorine pesticide which is 
structurally similar to DDT and used extensively in a wide variety of crops. The effects of pH, H2O2 concentration and Fe
2+ 
concentration for AOP processes are studied for water sample containing dicofol. Kinetic studies were conducted for Fenton, 
UV/H2O2 and H2O2 processes at the optimized conditions, which show the applicability of first order kinetics. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICETEST – 2015. 
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1.  Introduction 
The last century saw a glut of new chemical industries rising up to successfully meet the escalating requirements 
of commodity chemicals like detergents, dyes, pesticides and so on. Treatment of effluents of such industries has 
always been tenacious and cumbersome. Currently these are centered on solvent extraction or adsorption rather than 
biological treatment of effluents which can be lethal to the microbes involved.  
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Pesticide is any substance or mixture of substances intended for preventing, destroying, or controlling any pest, 
including vectors of human or animal disease, unwanted species of plants or animals, causing harm during or 
otherwise interfering with the production, processing, storage, transport, or marketing of food, agricultural 
commodities, wood and wood products or animal feedstuffs, or substances that may be administered to animals for 
the control of insects, arachnids, or other pests in or on their bodies.  
Pesticides that are applied correctly may wash away from the application site. Rain falling on a treated area before 
the pesticide binds or degrades may carry the pesticide to surface water sources. Pesticides can seep into and 
through the soil during recharge of groundwater and get into aquifers. Pesticides are sometimes applied directly to 
lakes or wetlands for control of aquatic weeds, insects, or fish. However, these products are labeled to avoid use 
near drinking water systems [1]. 
We use a wide variety of pesticides throughout the world for the different crops and pests Here we are 
concentrating on dicofol, an organochlorine miticide or acaricide used extensively in agriculture and horticulture to 
control spider, mites and soft-bodied mites in apples, pears, soft fruit, cucumbers, tomatoes, hops, vines, lettuce and 
ornamentals[2]. Dicofol is structurally similar to DDT. It is cumulative in the environment. Dicofol has a chemical 
formula of C14H9Cl5O with IUPAC names 2,2,2-Trichloro-1 and 1-bis (4-chlorophenyl) ethanol[3]. 
1.1. Advanced Oxidation Process 
Advanced Oxidation Processes (AOPs) are a group of oxidation processes carried out to remove harmful 
persistent organic pollutants (POPs) from water. AOP can be done in various ways. In all cases, the production of 
HO• radicals which are highly reactive attacks most of the organic molecules. The general equation involved in AOP 
is [4]. 
RH + HO•   Æ   HR• + H2O 
1.2. H2O2/UV process 
This is a non-catalytic Advanced Oxidation Process, which involves the generation of hydroxyl radicals from 
hydrogen peroxide through photolysis of H2O2 and other corresponding propagation reactions. Photolysis occurs 
with the help of UV radiation as shown in the equation below. 
H2O2   (hv) Æ 2OH• 
Propagation reactions are the following [5 ]: 
H2O2 + OH
• Æ OH2• + H2O 
H2O2 + OH2
•
 Æ OH• + O2 + H2O 
2OH2
•  Æ H2O2 + O2  
Decomposition of Hydrogen peroxide: 
H2O2 + OH
- Æ  H2O + OH• + O2 
And the radical recombine as shown below: 
2OH• Æ H2O2 
1.3. Fenton Process 
The Fenton process was reported by Fenton already over a hundred years ago for maleic acid oxidation. Fenton 
reaction is a very efficient chemical reaction for the removal of organic pollutants, in which the overall reaction is a 
simple redox reaction where Fe(II) is oxidized to Fe(III) and hydrogen peroxide is reduced to hydroxide ion and 
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hydroxyl radical [6]. Hence Fe2+ is the catalyst used for the process. The free radical mechanism in Fenton reaction 
consists of the following steps [7]: 
Fe2+ + H2O2  Æ Fe3+ + OH• + OH 
OH• + H2O2Æ  HO2•+ H2O 
Fe3+ + HO2
• Æ Fe2+ + H+ + O2 
Fe2+ + HO2
•Æ Fe3+ + HO2- 
Fe2+ + OH• Æ  Fe3+ + OH- 
2.  Methodologies  
2.1. Calibration Curve for Dicofol Concentration 
The dicofol concentrations in water at different conditions were obtained with the analysis using HPLC 
(HITACHI ELITE LaChrom). The HPLC solvent system had methanol (HPLC grade) and .2%acetic acid in the 
ratio 70:30 respectively. The RT (Retention Time) of the solute was found out to be 2.6 minutes at a flow rate of 
2ml/min. Figure 1 shows the obtained calibration curve for the dicofol concentration.  
 
Fig 1 Calibration curve for dicofol 
2.2. H2O2 Process 
The 600ppb dicofol solution is prepared and the pH of the solution is varied with respect to requirement by adding 
sulphuric acid or sodium hydroxide solutions. After that, required amount of hydrogen peroxide is added to this 
solution. Reaction start for the process was the time when hydrogen peroxide was added to the solution. The mixture 
is kept stirred throughout the experiment. 
2.3. Fenton process 
A solution of 600ppb dicofol in HPLC grade water is prepared as mentioned above. This solution pH was adjusted 
3 by adding 0.1N sulphuric acid to it. The pH of the solution was made 3 while conducting the experiments since it 
is suggested to be the ideal pH for Fenton reaction [8]. Then the required amount of Ferrous Sulphate (FeSO4.7H2O) 
solution was added and mixed well followed by the addition of the required amount of hydrogen peroxide. Addition 
of hydrogen peroxide is considered to be the start of the reaction and hence time is noted from that moment 
onwards. The mixture is kept stirred throughout the experiment 
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2.4. H2O2/UV process 
A sample with dicofol concentration of 600 ppb is prepared in HPLC grade water. The pH of the solution is 
adjusted to get the desired value. The dicofol solution is filled in the reactor and required amount of hydrogen 
peroxide is added. The UV lamp (125W medium mercury vapor lamp) is turned on and the water cooling system is 
activated. A preheating time of 1-2 minutes was given for UV lamp to achieve the stable output. The mixture was 
kept stirred throughout the experiment. 
 
Fig 2 Schematic of the UV/ H2O2 reactor 
3.  Results and Discussion 
3.1. Removal of dicofol with H2O2 
For studying the effect of pH and the effect of H2O2 concentrations on the removal of dicofol, certain experiments 
were carried out by varying these parameters while the other one is kept constant.  
3.2. Effect of pH 
To study the effect of pH on the removal of dicofol, samples of different pH values were made and the removal of 
dicofol at different time intervals was analyzed. The graph shown in Figure 5 gives the exact plot for the analysis of 
the samples with different pH at different time intervals. 
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Fig 3 Effect of pH 
The concentration of H2O2 was kept constant at 260ppm for all these samples. From the plot, it is seen that we get 
100% removal in dicofol when the solution is acidic. At a pH of 3 it attains the complete removal of dicofol quickly 
than at pH 5.5. This may be due to the high oxidizing property of hydrogen peroxide at low pH values [9] and H2O2 
has higher decomposition at higher pH.   
3.3. Effect of H2O2 Concentration 
To study the effect of H2O2 concentration on the removal of dicofol from water, the pH of the solution was fixed 
at 3 and concentration of hydrogen peroxide was varied. The graph shown in the Figure 6 gives us the variation of 
dicofol removal percentage with respect to change in the H2O2 concentration. 
 
Fig 4 Effect of H2O2 concentrations 
Removal percentage of dicofol reached 100% when H2O2 concentration was 260ppm at 85 minutes. So, 
experimentally at least 260ppm of H2O2 should be added in order to attain complete removal of dicofol from water. 
Increase in the concentration of hydrogen peroxide results in the more and more production of hydroxyl radicals. 
This may be the reason for increased removal percentage when H2O2 concentration is increased. Since 100% dicofol 
removal was attained, the concentration of H2O2 was not further increased. 
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3.4. Removal by Fenton Process 
Fenton process is carried out by adding hydrogen peroxide and Fe2+ ions into the sample. To study the effect of 
variation of Fe2+ ions on the removal of dicofol, experiments were carried out by varying Fe2+ concentration at a 
fixed H2O2 concentration of 260ppm at pH 3. Graph shown in the Figure 5 gives us the variation in dicofol removal 
(%) according to different Fe2+ concentrations. 
 
Fig 5 Effect of Fe ion concentrations in Fenton process 
From the graph, it is seen that the removal of dicofol attains 100% with a lower time when the concentration of 
Fe(II) ions is 25ppm. At a concentration of above 25ppm, the sample turned slightly brownish indicating a 
complexation of ferrous ions and this may be the reason for the time of removal to get increased for higher Fe2+ 
concentrations [10]. 
3.5. UV/ H2O2 Process 
UV H2O2 process is carried out in the reactor shown in Figure 2. The concentration of hydrogen peroxide is kept 
at 260ppm and the pH of the solution is maintained at 3. Then the sample was taken at regular intervals and 
analyzed. Graph shown in Figure 8 gives the change in dicofol removal from water at different time intervals 
 
Fig 6 Removal of dicofol using UV/ H2O2 Process 
As it can be seen from the graph, dicofol was not completely removed in this process. Around 80% removal was 
obtained at a time of 75 minutes and the removal percent continues to be stagnant thereafter. 
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3.6. Kinetic Study 
Kinetic study is a basic aspect of chemistry which is important for better understanding the chemical processes 
[10]. Kinetic study of different reactions is done during the design or modification of chemical reactors to optimize 
product yield, more efficiently separate products, and eliminate environmentally harmful by-products. 
The pseudo first order rate constant K = ln (CA/CA0) 
Half-life, t1/2 = ln(2) / K 
      
Table 1 Pseudo first order rate constants and half life 
Sl. No. Oxidants K (min-1) t1/2 = ln(2) / K (min) 
1 UV/H2O2 2.26 x 10
-2 30.67 
2 Fe2+/ H2O2 6.43 x 10
-2 10.78 
3 H2O2 3.59 x 10
-2 19.31 
 
 
 
Fig 7 Pseudo first order plot for H2O2 process 
 
Fig 8 Pseudo first order plot for UV/ H2O2 process 
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Fig 9 Pseudo first order plot for Fenton process 
Table 1 shows the comparison between UV/H2O2 processes, Fenton process and H2O2 process in terms of dicofol 
degradation. 
 
From the data given in the table, it is evident that, Fenton process is more efficient than other since it is less time 
consuming. The half-life of dicofol is seen to be 10.78 minutes and hence it is a much faster method compared with 
the other two. 
4.  Conclusion 
 The results of the study revealed the capability of using Fenton and UV/H2O2 processes for the removal of 
dicofol from wastewater. The Optimized conditions for Fenton process was found to be the initial H2O2 
concentration of 60 mg/L and the Fe2+ ion concentration of around 16mg/L at a pH of 3. At this condition the rate 
constant for the process was found to be 0.0643 min-1 and 100% removal of dicofol was obtained within 40 minutes 
of the process. For UV/H2O2 treatment using 125W medium mercury vapor lamp, the rate constant calculated was 
0.0226min-1 which had taken about 75 minutes for the 80% removal of dicofol at pH 3 and H2O2 concentration of 
260 mg/L. Thus it can be concluded that Fenton process is more efficient than the UV/H2O2 process for the removal 
of dicofol. The half-life of dicofol is seen to be 10.78 minutes for Fenton process and hence it is a much faster 
method compared with the other two. 
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